Abstract: Readily soluble copper(I) and silver(I) coordination polymers have been prepared via the conversion of equimolar amounts of p-phenyleneethynylenebridged bis [9-(p-anisyl) 6 or AgBF 4 as their metal-monomer counterparts. The homogeneous constitution of the resulting diamagnetic macromolecules is proven using NMR spectroscopy. Their average degrees of polymerization have been shown to reach values of P n ≥ 20, and the intrinsic viscosity of the resulting randomly coiled polyelectrolytes is of the order [η] ≈ 30 mL/g in 0.01 M NH 4 PF 6 /acetone. Moreover, NMR and viscosity experiments show the chain molecules to be open solution aggregates when dissolved in coordinating solvents like acetonitrile or water. When dissolved in noncoordinating solvents, on the other hand, the multinuclear complexes were found to be "true" polymers, i.e. macromolecules with a constant number of repeating units per individual chain with respect to time. At very high dilution, transformation of the high-molecular-weight chain molecules into cyclic oligomers is observed in coordinating solvents but not in non-coordinating media.
Introduction
Soluble, constitutionally well-defined and high-molecular-weight chain molecules held together by transition-metal complexes, i.e. transition-metal coordination polymers A, are of considerable current interest in macromolecular and supramolecular science for fundamental reasons and also because of their unusual electronical, magnetical, optical, catalytical, and solution properties [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Much effort has been spent, therefore, to broaden the diversity in which such macromolecules are available. Most of the systems developed so far are based on thermodynamically very stable and kinetically inert transition-metal complexes. This is reliable because full characterization is possible of such polymers in solution, using essentially the same methods as are applied to conventional macromolecules having an entirely covalent backbone. In contrast to this, well-defined coordination polymers from thermodynamically stable but kinetically labile transition-metal complexes are still almost unknown. This is mainly due to the fact that these species either do not dissolve at all in solvents appropriate for polymer characterization, or decompose simultaneously with their dissolution. Characterization is therefore possible only in the solid state, and important molecular parameters like the degree of polymerization, chain conformation, backbone flexibility, etc. are not accessible. Also, determination of their properties in solution, in thin films, or in the glassy state is precluded.
Recently, we outlined a number of requirements that we assume are essential for obtaining readily soluble and hence fully characterizable coordination polymers even from kinetically labile transition-metal complexes [15, 16] . The key aspect of our considerations was the assumption that coordination polymers can decompose exclusively via the displacement of their original ligand monomers L by coordinating solvent molecules S (Scheme 1). Even if the latter molecules S are not chelating ligands, they nevertheless compete successfully for the metal ions of A because they are present in a very large number. To avoid such decomposition in solution, kinetically labile coordination polymers must dissolve in non-coordinating media where ligandexchange according to Scheme 1 is not possible. Under these conditions, therefore, kinetically labile multinuclear complexes should behave like "true" polymers.
Scheme 1. General presentation of a ligand-exchange process involving a coordination polymer
Unfortunately, coordination polymers are polyelectrolytes in the overwhelming majority of cases and thus prefer highly polar, coordinating solvents. We therefore had to take measures to make soluble kinetically labile coordination polyelectrolytes in less polar, non-coordinating solvents as well. Attachment of apolar n-alkyl side chains to the polar polymer backbone was assumed to be one appropriate measure to achieve this goal. A second important aspect to be considered in the design of coordination polymers from kinetically labile complexes is the competitive formation of oligomeric rings B or helicates C instead of the desired linear chains A. We assume that linear chain molecules A are only accessible if the ligand monomers make the formation of oligomers B and C very unlikely for steric or geometric reasons. This requirement should be fulfilled at least partially in the case of ligand monomers whose coordinating subunits are connected via rigid, rodlike bridging units Y (Scheme 2). Finally, transitionmetal complexes used for the synthesis of kinetically labile but readily soluble coordination polymers should be (i) thermodynamically very stable, (ii) diamagnetic to allow characterization using NMR spectroscopy, and (iii) grow via a homogeneous and nearly quantitative step-growth reaction. Based on these considerations, we designed the first coordination polymers 1a and 1b [15, 16] . In these macromolecules, the o-phenanthroline-based ligand monomers L are held together by pseudotetrahedrally coordinated copper(I) or silver(I) ions (Fig. 1) . Careful NMR analysis of these polymers allowed us to verify our concept illustrated above: the studies showed the multinuclear complexes 1 to be real macromolecules in non-coordinating solvents but open solution aggregates in the presence of even small amounts of coordinating solvents. However, it remained an open question as to what extent the novel strategy can be generalized. To assess the general validity of this concept, to examine what its limits are, and to analyze the properties of the resulting polymers in some more detail, we decided to prepare further such materials by varying selected constitutional features of the ligand monomers L. One particular further aspect was to examine the role that the n-hexyl side chains play in polymers like 1: in addition to their solubilizing effect, they might sterically protect the metal complexes against the attack of competitive coordinating species S and thus stabilize the macromolecules further. Other points of interest were to find out (i) whether or not the multinuclear coordination compounds degrade at high dilution -changing from linear-chain molecules A into cyclic oligomers B and/or helicates C -and (ii) how such processes might be slowed down or even prevented. Knowledge of chain degradation at high dilution will be of crucial importance for the subsequent determination of the solution properties of this novel class of polymeric materials. Finally, it was of interest whether the electronic properties of these macromolecules depend on the spatial distance between the succeeding metal complexes in the chains or the ligand-monomer's constitution.
Scheme 2. Conversion of linear coordination polymers
To highlight all these questions, we prepared the four novel kinetically labile copper(I) and silver(I) coordination polymers 2a,b and 3a,b (Fig. 1) . Due to the additional two ethynyl moieties in the ligand monomers of 2, the distances between (i) two successive metal complexes and (ii) the metal complexes and the n-hexyl side chains are longer in these polymers by approx. 20 Å and 10 Å, respectively, than in the parent systems 1. In polymers 3, on the other hand, no aliphatic side chains are present, and the metal complexes are clearly closer together (approx. 14 Å). Moreover, since the bridging units Y are conformationally very rigid in both of these new systems, competitive formation of helicates C is very unlikely. Occurrence of cyclic oligomers B, on the other hand, cannot be excluded a priori because the chain molecules 2 and 3 should be random in shape. Hence, this point requires special attention in the following since the formation of cyclic oligomers might be an important reason for achieving only limited degrees of polymerization (P n ).
The present paper is organized as follows: First, we will describe the synthesis, and prove the constitution, of polymers 2a,b and 3a,b. Then we will estimate their values of P n based on NMR and viscosity experiments. Subsequently, the kinetic lability of the multinuclear complexes will be analyzed in various solvents, again using NMR and viscosity techniques. Finally, UV-vis absorption spectra will provide a first insight into the electronic properties of the polymers. All together, the experiments give a deeper insight into the general validity of our above concept and in the structure-property relationships of this novel class of polymeric materials.
Results and discussion

Monomer syntheses
2-(p-Bromophenyl)-9-(p-methoxyphenyl)-o-phenanthroline 8 was the central intermediate for the synthesis of compounds 12 and 15, the required ligand monomers of polymers 2a,b and 3a,b. For its synthesis [16] [17] [18] [19] [20] [21] , o-phenanthroline 4 was treated with a slight excess of p-bromophenyllithium 5 (Scheme 3). The formed intermediate was dehydrogenated using MnO 2 , leading to 2-(p-bromophenyl)-o-phenanthroline 6. Then, the arylation-rearomatization sequence was repeated on compound 6, but using p-methoxyphenyl lithium 7 as the arylating agent. From this process, the desired key compound 8 was obtained in approx. 80 % yield.
Scheme 3. Synthesis of monomer 12
2,5-Dihexyl-1,4-diethynylbenzene 11 was another starting material required for the synthesis of 12 according to Scheme 3. It was prepared via Pd-catalyzed condensation of 1,4-dibromo-2,5-dihexylbenzene 9 [22] and trimethylsilylacetylene in the presence of catalytic amounts of [Pd(PPh 3 ) 4 ] and CuI (copper iodide), using piperidine as both the solvent and base [23] [24] [25] [26] [27] [28] . The cleavage of the trimethylsilyl protecting groups of 10 was achieved in a mixture of tetrahydrofuran (THF), methanol, and sodium hydride. Pure 11 
Polymer syntheses
The aim of the first polymerization experiments was (i) to analyze whether the ethynyl moieties of the novel ligand monomers 12 and 15 affect the formation of constitutionally homogeneous coordination polymers, (ii) to optimize the polymerization conditions, (iii) to assess the rate and efficiency of ligand exchange processes occurring in solutions of 2 and 3 as a function of the polymer's constitution and the solvent, and (iv) to estimate the average values of P n achieved under the respective conditions. Most of the subsequent polymerization reactions were carried out in NMR tubes, using essentially the same procedure as described recently for the synthesis of 1a,b. We wish to start our discussion by means of the copper(I) system 2a ( Scheme 5 + motifs and hence the multinuclear complexes 2a had indeed formed under the described conditions: the characteristic upfield shift of most of the intense aromatic and aliphatic absorptions in spectrum 3B is clear proof of the catenation of ligand monomers 12 via copper(I) complexes. This upfield shift is due to magnetic shielding effects caused by the ring currents of the aromatic subunits of the succeeding ligand monomers of polymers 2a: they are spatially arranged in a way -due to the tetrahedral complexes -that their protons are placed "above" (or "below") the o-phenanthroline rings of the neighboring ligand monomers (Fig. 2) . In addition to the intense NMR absorptions of the inner-chain repeating units of 2a, further signals of minor intensity are readily observable (assigned by asterisks in Fig. 3B ). These absorptions were assigned to the chaintermini of 2a which must be present to a certain amount because only a 1.0 : 0.8 molar ratio of the comonomers was added into the NMR tube. Indeed, the ratio of the signal intensities of the inner-chain repeating units and of the well-defined endgroups [in particular those of the OCH 3 protons at δ ≈ 4.0 ppm (terminal methoxy groups) and δ ≈ 3.5 ppm (inner-chain methoxy groups)] can be used to estimate P n . From spectrum 3B, a value of P n ≈ 5 was calculated, in good agreement with the comonomer ratio applied.
Scheme 5. Synthesis of coordination polymers 2a,b
Afterwards, further small quantities of metal monomer 16 were added to the solution in steps of approx. 0.05 equiv. each. After complete conversion, further 1 H NMR spectra were recorded. When 1 : 1 equivalence of the comonomers is finally reached, all the above small absorptions disappear, and only the intense signals of the innerchain repeating units remain observable. The spectrum does not change any more even if the product 2a was isolated via precipitation in n-hexane and redissolved in pure TCE ( Fig. 3C ): the lack of endgroup absorptions and of absorptions that might correspond to structural defects proves the homogeneous constitution and the considerable chain length of 2a. Considering the limits of accuracy of the 1 H NMR method and assuming that the formation of cyclic oligomers is a neglectable side reaction -cyclooligomerization would cause disappearance of endgroup absorptions as well but is readily detectable by NMR as we will see later -this lack of endgroup absorptions is tantamount to values of P n ≥ 20. This estimate was further supported by the drastic increase in the solution viscosity of the reaction mixture as soon as the 1:1 molar ratio of the comonomers is reached. However, when further small quantities of either ligand monomer 12 or metal monomer 16 were added to the reaction mixture containing the high-molecular-weight polymer 2a, its depolymerization started immediately as was evident from both the instantaneous decrease of the solution viscosity and the reappearance of well-resolved end-group absorptions in the NMR spectra. This is in full agreement with the intrinsic lability of the [Cu(phen) 2 ] + motif and in accordance with our expectations because the coordinating cosolvent acetonitrile was present in the reaction mixture and catalyzed chain cleavage. Hence these very first experiments already proved unambiguously that the multinuclear complexes undergo perpetual ligand and segment exchange processes when dissolved in coordinating media. Therefore these systems represent open (dynamic) solution aggregates under these conditions rather than true polymers. Nevertheless, the processes are slow with respect to the time-scale of the NMR experiment as is evident because they do not smear out the NMR endgroup absorptions in the spectra of oligomeric samples. The results were quite different in the case of the corresponding silver(I) polymer 2b. In order to illustrate this difference, Fig. 3D shows the 1 H NMR spectrum of a reaction mixture obtained via conversion of 1.0 equiv. of ligand monomer 12 and 0.8 equiv. of AgBF 4 17 in TCE / acetonitrile (4:1, v/v). Again, the intense absorptions of the innerchain repeating units of 2b are readily detectable and support the formation of the desired multinuclear complexes 2b. However, rather surprisingly, no endgroup absorptions can be observed in this spectrum despite the fact that 12 is present in approx. 20% excess. This is in clear contrast to the corresponding spectrum of 2a (Fig.  3B ) and can only be interpreted as a consequence of very fast ligand-exchange processes, being clearly faster than in the corresponding copper(I) system. This permanent exchange of ligands smears out the endgroup absorptions of 2b and hence makes them invisible.
Assuming this interpretation is valid, and assuming the coordinating (co)solvent acetonitrile plays a key role in these processes, its concentration should determine the rate of ligand exchange. Moreover, ligand exchange should stop as soon as acetonitrile is absent, and the missing endgroup absorptions should reappear in the NMR spectra. To verify this assumption, the oligomeric product 2b leading to spectrum 3D was precipitated in n-hexane, carefully dried, redissolved in pure TCE, and studied again by 1 H NMR spectroscopy. And in fact, the missing absorptions were now observable (signals assigned by asterisks in Fig. 3E ). This appearance of endgroup absorptions clearly supports our initial hypothesis concerning the role of the coordinating solvent as well as our above assignment of the small absorptions in Fig. 3B to endgroups. Finally, it allows us to adjust the precise 1:1 molar ratio of the comonomers easily and precisely for the silver(I) system 2b as well. Therefore, high-molecular-weight samples of 2b could be prepared which do not show endgroup signals any more even in pure TCE (Fig. 3F ).
The formation of constitutionally well-defined, high-molecular-weight coordination polymers 2a and 2b was additionally supported by 13 C NMR spectroscopy ( Fig. 4B and  4C ). The given signal assignment (for details see Experimental part) is based upon reference spectra like that of monomer 12 (Fig. 4A) , tabulated increments, and DEPT spectra. It is evident that all observed absorptions corroborate the anticipated structures of 2, and no indication is found of side reactions, particularly of the ethynyl subunits: the carbon atoms of the C-C triple bond absorb at δ ≈ 92 and 95 ppm and thus at exactly the expected chemical shifts.
Summarizing the NMR-supported synthesis of polymers 2 it is important to emphasize that the disappearence of the endgroup absorptions of oligomeric species in TCE/ acetonitrile was only observed for 2b but neither for copper(I) systems 1a or 2a nor for the silver(I) system 1b. This is a strong indication of the higher lability of silver(I) complexes with respect to their copper(I) counterparts, and of the higher lability of the complexes incorporated in coordination compounds 2 with respect to those present in polymers 1. Less efficient steric shielding of the metal complexes in 2 -due to the larger distance between the metal centers and the n-hexyl side chains -is assumed to be responsible for this result.
In the following, we broadened our studies to systems 3 which do not bear aliphatic side chains at all. Again, we first prepared the copper(I) species 3a using TCE/acetonitrile as the solvent. The 1 H NMR spectra recorded from reaction mixtures containing an excess of either 15 or 16 were dominated by the intense absorptions of the inner-chain repeating units of 3a. Nevertheless, as for 2a and in contrast to 2b, the expected endgroup absorptions were observable throughout. It was only detected that these latter absorptions disappeared when the 1:1 molar ratio of the comonomers 15 and 16 was adjusted. Thus the solution properties of 3a are quite similar to those of 2a. Further destabilization of the metal complexes of 3a due to the lack of the n-hexyl side chains was not observed. Based on this result, the lability of silver(I) compound 3b was expected to be quite similar to that of 2b. In full agreement with this expectation, intense absorptions of the inner-chain repeating units were found in the 1 H NMR spectra of oligomeric materials 3b recorded in TCE/acetonitrile, but endgroup absorptions were absent in all cases (Fig. 5B) . Again, the latter absorptions became observable only after isolation of the preformed oligomers and their redissolution in pure TCE (Fig. 5C) , and adjusting the precise 1:1 molar ratio of the two comonomers was only possible now (Fig. 5D) . The homogeneous constitution and the considerable chain length of the obtained systems 3a and 3b was finally supported using 13 C NMR spectroscopy (Fig. 6B and 6C , respectively).
The above experiments show that -under otherwise identical conditions -the kinetic lability of the multinuclear silver(I) complexes 2b and 3b is more pronounced than that of the corresponding copper(I) systems 2a and 3a. Moreover, it is evident that the kinetic lability of the polymeric complexes 2a and 3a on the one hand, and of 2b and 3b on the other hand, is quite similar. In other words, the distance between aliphatic side chains and metal centers is too long already in polymers 2 for a significant stabilization effect which was obviously operating in polymers 1 where the NMR endgroup absorptions of oligomeric silver (I) species were observable even in the solvent mixture TCE/acetonitrile [15, 16] Nevertheless, the n-hexyl side chains are also of considerable benefit in polymers 2: they dramatically increase the solubility of the polymers as one can see upon comparing the solution behavior of polymers 2 and 3.
Finally, we want to emphasize that successful synthesis of high-molecular-weight samples of 2a and 2b is possible not only in TCE/acetonitrile but also in mixtures of chloroform/acetonitrile and acetone/acetonitrile. All features discussed above also remain valid for these solvent systems. Polymers 3a,b, on the other hand, are hardly available in these alternative solvent systems because of the very low solubility of ligand monomer 15 in these media.
The quantities of polymers 2 and 3 available via NMR titration techniques are too small for a detailed analysis of solution properties. Therefore, large-scale syntheses were additionally performed, taking advantage of the development of the solution viscosity during the polymerization process: the elution time which the reaction mixture needs to pass through a capillary was applied to adjust the precise 1:1 molar ratio of the comonomers. A reaction flask was equipped with a capillary viscosimeter, and the syntheses were started using an approx. 1.0 : 0.8 molar mixture of the respective ligand and metal monomers. After complete conversion, the time t was determined which a defined volume of the reaction mixture needs to pass through the capillary.
Subsequently, further small quantities of metal monomer were added in steps of approx. 0.05 equiv. and t was determined again each time. A drastic increase in t was found when the molar ratio of the comonomers approximated to 1:1. Finally, a value t max was found. If further metal monomer was added, t decreased again due to instantaneous depolymerization of the kinetically labile chain molecules. As soon as this decrease in t was observed, an appropriate quantity of ligand monomer was added to the reaction mixture in order to compensate the excess of metal monomer and to return to t max . When t max was reached again, the formed product was isolated as a reddishbrown [copper(I) systems] or yellow [silver(I) systems] fibrous material. Using 1 H and 13 C NMR spectroscopy, the homogeneous constitution and the molecular weights of the formed polymers were analyzed. Both were shown to be identical to those obtained with the NMR titration technique. Fig. 7 displays a characteristic plot of t vs. molar ratio of 12 and 16, recorded during the large-scale synthesis of 2a. 
Properties in solution
The NMR and viscosity studies described so far show that the multinuclear complexes 2a,b and 3a,b undergo perpetual ligand exchange when dissolved in coordinating solvents and hence are dynamic (open) solution aggregates under these conditions. This is particularly evident, on the one hand, because of the absence of NMR endgroup absorptions in spectra of the oligomeric silver(I) complexes 2b and 3b and, on the other hand, because chain degradation starts instantaneously when an excess of either one of the comonomers (either ligand monomer or metal monomer) is added to the solution of high-molecular-weight polymer samples. Some further measurements performed in non-coordinating solvents indicate that in these media the ligand exchange is slowed down considerably. However, we could not prove so far whether the ligand exchange is only slowed down or is stopped completely in non-coordinating media. This information, however, is important to decide whether the multinuclear complexes 2 and 3 behave like real macromolecules in these solvents. To examine this aspect in more detail, NMR hybridization experiments according to Scheme 6 were performed in various solvents. Scheme 6. Ligand exchange in solutions of coordination polymers 1b' and 2a
Here we took advantage of the fact that the methoxy groups of the ligand monomers 12 and 15 absorb at slightly different 1 H NMR chemical shifts depending on whether they are attached to a copper(I) or silver(I) center. In practice, the solution of a copper(I) system (2a or 3a) was mixed with the solution of a silver(I) polymer 1b' which does not bear methoxy groups at its phenyl groups (Ar = C 6 H 5 in Scheme 6). Vice versa, solutions of silver(I) systems 2b or 3b were mixed with solutions of the copper(I) polymer 1a'. 1 H NMR spectra were recorded of the resulting mixtures at regular intervals in order to monitor a possible ligand exchange according to Scheme 6. As an example, Fig. 8 shows some 1 H NMR spectra recorded in the course of such an experiment performed in TCE. Spectra 8A and 8B correspond to the pure starting polymers 1b' and 2a, respectively. Immediately after mixing the solutions (spectrum 8C) as well as after 3 days (spectrum 8D), only one single methoxy absorption is observed at δ ≈ 3.5 ppm. This proves the absence of ligand exchange processes in the absence of the coordinating solvents. The same result was obtained when chloroform was used as the solvent. However, as soon as only one drop of the coordinating cosolvent acetonitrile was added, ligand-exchange starts immediately. This is obvious because of the instantaneous appearance of a second methoxy singlet at δ ≈ 3.7 ppm (methoxy protons in the neighborhood of a silver(I) complex) as well as some further absorptions in the aromatic region (spectrum 8E). Identical results were found for all other coordination polymers. These experiments identified the multinuclear coordination compounds 1, 2 and 3 to be true macromolecules only in strictly non-coordinating media. Based on these results, we started to analyze the intrinsic viscosities of the new polymers in acetone. In this, we concentrated our efforts on polymer 2a because (i) the copper(I) complexes had proven to be less labile than their silver(I) counterparts, and because (ii) polymers 2 have a much higher solubility than polymers 3. To screen out intermolecular Coulomb interactions of the charged macromolecules and thus to suppress polyelectrolyte effects, NH 4 PF 6 was added to the solutions. Fig. 9 displays the Huggins plots of (A) a high-molecular-weight (P n,NMR ≥ 20) and (B) a low-molecularweight (P n,NMR ≈ 10) sample of 2a, recorded in 0.01 M NH 4 PF 6 /acetone. At first glance, linear extrapolation of the values of η sp /c P is possible to c P = 0 g/mL. By this procedure, apparent intrinsic viscosities of [η] ≈ 30 mL/g (A) and 20 mL/g (B) were found for the high-and the low-molecular-weight sample of 2a, respectively. These results seemed to . This might be interpreted as the consequence of systematic lowering of the chain length upon lowering the polymer concentration. This assumption was further supported by the observation that in the course of the viscosity experimentswhere we throughout started with a highly concentrated polymer solution which was subsequently diluted step by step -the elution times t 1 (c P ) determined immediately after addition of solvent were the highest. Then, upon repeating the measurement at the same concentration c P , the values of t 2,... (c P ) decreased systematically until finally a constant value t end (c P ) was reached. The latter value was then taken to construct the Huggins plots shown in Fig. 9 .
This decrease in t(c P ) with respect to time as well might point towards a slow but systematic chain degradation at low polymer concentration c P . Small amounts of moisture present in either the acetone or the NH 4 PF 6 might catalyze this transformation. If this is indeed the case, the values of [η] ≈ 20 -30 mL/g calculated from the Huggins plots are not representative of the polymer species present at high c P or in the solid state: on the contrary, they represent a lower limit of [η] at the best.
To prove the occurrence of chain degradation upon dilution, and to show whether the degradation leads to cyclic oligomers or undefined fragments, NMR studies were performed on solutions of polymer 2a whose concentrations were varied from c P ≈ 20 g/L to c P ≈ 0.1 g/L. Dry TCE as well as slightly moist acetone were used as the solvents. When dry TCE was the solvent, no change was observed in the NMR signal patterns even at the lowest concentration c P : only the well-known absorptions of the inner-chain repeating units were found, in full agreement with the above hybridization experiments (see Fig. 10 for 2a) .
Hence, no degradation of 2a occurs in pure TCE. When, on the other hand, slightly moist acetone was the solvent, conversion of the chain molecules 2a into presumably cyclic oligomers at low concentration c P is immediately evident (Fig. 11) while the solutions leading to spectra 11A (c P ≈ 10 g/L) and 11B (c P ≈ 5 g/L) show the well-known absorptions of the inner-chain repeating units of 2a only, new absorptions are detectable in the aromatic region at c P = 1 g/L (spectrum 11C) whose intensities increase further with decreasing c P (c P = 0.1 g/L; spectrum 11D). The chemical shifts clearly show that all these new absorptions correspond to intact pseudotetrahedral metal complexes but not to open chain termini formed by uncontrolled fragmentation. Therefore, and because of the constitution of the ligand monomers, it can be reliably assumed that the chain molecules change into well-defined cyclic oligomers. In particular the sequences of new absorptions in spectrum 11D at around δ ≈ 6, 7 and 8 ppm are very significant in this respect: we assign these sequences to a homologous series of cyclic oligomers having different ring sizes ("n" in B, Scheme 2). The effect is even more pronounced for silver(I) polymers 2b in slightly moist acetone (Fig. 12) . Again, well-resolved sequences of new absorptions are found at the above chemical shifts. All together, these studies show that in coordinating media such as slightly moist acetone, chain degradation occurs at high dilution, leading from linear chains 2 and 3 to the corresponding cyclic oligomers. In non-coordinating solvents, on the other hand, this transformation is suppressed and the macromolecular chains are "frozen" in their linear state. However, as soon as auxiliary ligands are added, the polymers degrade instantaneously, switching from linear chains A into oligomeric rings B.
In conclusion, the above viscosity experiments are indeed superimposed by the transformation of the linear macromolecules 2a into cyclic oligomers. Therefore, the intrinsic viscosities determined in 0.01 M NH 4 PF 6 /acetone represent a lower limit of the real values of [η] . To obtain more realistic values of [η], we performed some further viscosity experiments in TCE and chloroform. Unfortunately, however, it was not possible so far to obtain reliable Huggins plots from these measurements because polyelectrolyte effects could not be screened out completely.
UV-vis spectroscopy
UV-vis absorption spectra were recorded to analyze the absorption behavior of the above multinuclear complexes 2 and 3 as well as of their low-molecular-weight counterparts. These measurements should provide a first insight into the electronic properties of the [M(phen) 2 ] + motifs and of the ligand subunits when incorporated into the polymeric chains. All these spectra are dominated by intense absorptions at wavelengths of λ ≤ 410 nm. These absorptions are mainly due to ligand-centered (LC) π* ← π transitions: At λ ≤ 300 nm, strong signals are found which correspond to transitions within the phenylene moieties, and in the range 300 nm ≤ λ ≤ 340 nm one observes those of the ophenanthrolines. Comparison of in particular spectra B and C of the mononuclear model complexes shows that the above absorptions both appear at longer wavelengths for the copper complex than for the silver complex.
At wavelengths λ > 340 nm, intense absorptions of the phenyleneethynylene subunits are found in spectra A, D and E. Comparison of spectrum A (ligand monomer 12) with those of the multinuclear complexes 2a (D) and 2b (E) shows that complexation of 12 results in a shift of these latter absorptions towards slightly longer wavelengths. There is obviously no π-electron conjugation along the polymeric chains which should result in a bathochromic shift instead of the observed hypsochromic one. Hence, π-electron conjugation along the chains is efficiently interrupted by the [M(phen) 2 ] + centers. The same interpretation is also valid for polymers 3a and 3b (Fig. 14) .
At approx. λ ≈ 440 nm, finally, a very weak absorption is observable for the mononuclear copper(I) complex (Fig. 13B) as well as for the copper(I) coordination polymer 2a (Fig. 13D) . This absorption is due to metal-to-ligand charge-transfer processes. There is no significant difference between the values of λ max for the monomeric and polymeric systems. Only in the case of the multinuclear complex 3a (Fig. 14B) is a clear increase of signal intensity observable in the λ ≈ 440 nm-range as well as a clearly more intense absorption at even shorter wavelengths. This observation might point towards intramolecular electronic interactions between the metal centers of the polymeric chains 3a. This might be reliable because of the rather short distance between the metal centers in this particular polymer. However, this effect might also be caused by the very low solubility of the system 3a: it does not bear solubilizing side chains and might associate in solution, causing a scattering contribution in the UV-vis spectrum. Further investigations are required, therefore, to make clear this point. As a conclusion, there is no clear proof available up to now for intramolecular electronic interactions between the individual metal centers of the multinuclear complexes 2 and 3. π-Electron interactions along these chain molecules, on the other hand, can be ruled out for sure by the UV-vis spectra. Hence, so far, we have to consider the new polymers as sequences of electronically nearly independent transition-metal complexes and ligand moieties, at least in their electronic ground state. 
Conclusions and outlook
Well-defined transition-metal coordination polymers 2a,b and 3a,b are available via conversion of ligand monomers 12 or 15 with metal monomers 16 or 17. The rate of ligand exchange occurring in solution depends strongly on the solvent: while in noncoordinating solvents these processes can be stopped completely, the multinuclear complexes represent open solution aggregates in the presence of coordinating species. Ligand exchange is much more efficient in silver(I) systems than in copper(I) species.
Comparison of polymers 1 -3 permits the conclusion that the n-hexyl side chains not only solubilize the coordination polymers very efficiently but additionally stabilize the metal complexes, providing their distance is not too long. Moreover, despite their tendency to degrade to cyclic oligomers at high dilution, it is possible to "trap" the longchain macromolecules even at high dilution when strictly non-coordinating solvents are used for dissolution. However, as soon as traces of coordinating species are added, the chains convert immediately into cyclic oligomers. We are currently synthesizing further coordination polymers of this type to make feasible a more comprehensive analysis of their behavior in solution and their electronic properties.
Experimental part
General
All chemicals and solvents were purchased from Fluka, Aldrich, and Strem Chemical Co. in p.a. quality, and used without further purification. All reactions were performed under an atmosphere of nitrogen. Signal assignment is made according to the numbering of the protons and carbons given in Scheme 3. Viscosity measurements were carried out using an Ubbelohde viscosimeter (SCHOTT company, ∅ = 0.5 mm, type 0C) with the LAUDA process viscosimetry system PVS 2.03. UV-vis spectra were recorded on a PerkinElmer Lambda S2 photospectrometer. Elemental analyses were carried out on a CHN-RAPID apparatus of ELEMENTAR ANALYSENSYSTEME GmbH.
1,4-Bis(β-trimethylsilylethynyl)-2,5-dihexylbenzene, 10
Under an atmosphere of nitrogen, [Pd(PPh 3 ) 4 ] (175 mg, 0.15 mmol, 0.4 mol-%) and CuI (14.1 mg, 0.074 mmol, 0.2 mol-%) are added to a solution of 1,4-dibromo-2,5-dihexylbenzene 9 (15 g, 37 mmol) and trimethylsilylacetylene (25.8 mL, 18.32 g, 186 mmol) in piperidine (100 mL). The reaction mixture is stirred for 12 h at 80 °C. The formed precipitate is filtered off, the solution diluted (toluene, 100 mL), and washed successively with aqueous HCl (2 N) and water. The organic layer is dried (MgSO 4 ), and the solvent is removed. Ethanol (30 mL) is added to the residue, and the resulting solution is left for several days at 0 °C. Slightly yellowish crystals of pure 10 are formed. Yield: 9.6 g, 64 %. The precipitate is filtered off and washed with hexane (100 mL). Chloroform (100 mL) is added and the resulting solution is stirred for 1 h at 40 °C. After filtration, toluene (100 mL) is added to the precipitate. Stirring is continued for 1 h at 40 °C. The solid material is filtered off, washed with hexane (100 mL) and dried in vacuo (P 4 O 10 
